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Flint, A.C., Liu, X., and Kriegstein, A.R. (1998). Neuron 20, 43–53. In the AChBP, as in homopentameric ACh receptors,
Heller-Stilb, B., van Roeyen, C., Rascher, K., Hartwig, H.-G., Huth, these two surfaces are formed by opposite sides of the
A., Seeliger, M.W., Warskulat, U., and Ha¨ussinger, D. (2002). FASEB one subunit.
J. 16, 231–233. In their latest exploitation of the AChBP, Sixma and
Livesey, F.J., and Cepko, C.L. (2001). Nat. Rev. Neurosci. 2, 109–118. her colleagues (Celie et al., 2004) determined the interac-
Pow, D.V., Crook, D.K., and Wong, R.O. (1994). Vis. Neurosci. 11, tions at high resolution of the binding site with two ago-
1115–1134. nists, nicotine and carbamylcholine. These ligands are
Sturman, J.A. (1986). Ann. N Y Acad. Sci. 477, 196–213. completely buried in the binding site, where they have
Thio, L.L., Shanmugam, A., Isenberg, K., and Yamada, K. (2003). J. more direct contacts with the principal side of the site
Neurophysiol. 90, 89–99. than with the complementary side. The overall contact
Young, T.L., and Cepko, C.L. (2004). Neuron 41, this issue, 867–879. area is 125 A˚2 for nicotine and 106 A˚2 for carbamylcho-
line. The ligands are surrounded by five aromatic side
chains and by the sulfurs of the disulfide bond between
the adjacent Cys. In addition, three other residues make
contacts. The residues forming the principal side of the
binding site are Tyr89, Trp143, Tyr185, Cys187, Cys188,A Touching Picture
and Tyr192, and all of these are aligned with identicalof Nicotinic Binding ACh receptor  subunit residues implicated in ligand
binding. The residues in the AChBP forming the comple-
mentary side of the binding site are Trp53, Arg104,
Leu112, and Met114, which have counterparts in mus-The snail acetylcholine binding protein (AChBP) is ho-
cle-type ACh receptor  and  subunits and were alsomologous to the extracellular domains of the nicotinic
previously implicated in ligand binding.ACh receptors. In this issue of Neuron, Celie et al.
The dispositions and contacts of the two ligands areshow how the crystal structures of AChBP in com-
somewhat different, consistent with their different struc-plexes with carbamylcholine and nicotine reveal the
tures. One key similarity is the electrostatic interactionbasis for agonist recognition by ACh receptors.
between the positive charge in each ligand and the
backbone carbonyl of Trp143. The carbonyl oxygen isThe acetylcholine binding protein (AChBP) is a homo-
apposed to the ammonium nitrogen of the pyrrolidinepentamer of gracefully overlapping subunits that form
ring in nicotine and to the C2 methylene carbon next tothe walls of a pentagonal atrium (Brejc et al., 2001).
the trimethyl ammonium group in carbamylcholine. It isThis protein was discovered in a DNA library from a
apparent that the choline-positive charge is shared byfreshwater snail. ACh stimulates the secretion of AChBP
this carbon. As the authors point out, short carbonylby glia into cholinergic synapses, where it binds ACh
to choline contacts are common. The negativity of theand modulates neurotransmission (Smit et al., 2001).
Trp143 carbonyl oxygen may be enhanced by the under-The AChBP subunit is homologous to the N-terminal
lying Asp85 side chain carboxylate, which makes a
extracellular halves of the subunits of the ionotropic
H bond to the backbone NH of Thr144, bonded to the
receptors for ACh, GABA, serotonin, and Gly. These
Trp143 carbonyl. In addition, the polar hydroxyl of Tyr89
receptors belong to the Cys-loop-receptor superfamily,
is close to the quaternary ammonium of carbamylcho-
so named because of the conserved 15-residue loop line. The positively charged ammonium of the ligands
closed by a disulfide bond between the cysteines that may also be attracted by polarized  electrons (Zhong
begin and end the loop sequence. The AChBP, by con- et al., 1998), mainly of Trp143 and to a lesser extent of
trast, has 14 residues in this loop. Among these recep- the other nearby aromatic residues (Celie et al., 2004).
tors, the AChBP is most similar to the vertebrate neu- There are several close contacts between nonpolar
ronal ACh receptors composed of five 7 subunits, with atoms of the ligand and of the binding site residues,
which the AChBP subunit has 26% sequence identity. including the sulfurs of the disulfide, and shielding these
The AChBP binds ACh-receptor agonists such as atoms from contact with water adds favorable hy-
ACh, carbamylcholine, nicotine, and epibatidine and drophobic interactions to the free energy of binding.
competitive antagonists such as ()-tubocurarine and AChBP binds nicotine 170 times more tightly than
-bungarotoxin. The spectrum of affinities of AChBP carbamylcholine, which is likely due to an additional H
resembles that of the homopentamer of 7. bond to nicotine, to its larger buried surface area, and
The AChBP was originally crystallized in 100 mM to its more rigid structure (Celie et al., 2004). The free
N-2-hydroxyethylpiperazine-N’-2-ethanesulfonate acid energies of binding for nicotine and carbamylcholine are
(HEPES) buffer, and the crystal structure had HEPES in parsed into favorable Hs of 14.5 and 12.5 kcal/
what was obviously the binding site. The piperazinium mol and unfavorable TSs of 4.5 and 6.5 kcal/mol,
moiety was in a pocket between subunits surrounded respectively. The gain in enthalpy is largely due to elec-
by residues identical to, and aligned with, the residues trostatic interactions and H bonds, and the loss in en-
inferred from the results of affinity labeling and of muta- tropy is due to the immobilization of the ligand and
genesis to line the ACh binding sites in the ACh recep- of the protein side chains and backbone, which must
tors (Karlin, 2002; Le Novere et al., 2002). In muscle- outweigh the gain in entropy due to the mobilization of
type ACh receptor, of composition 2, the surface water upon the burying of molecular surfaces.
of the binding site formed by  subunit residues is called Sixma and her collaborators compared the structures
the principal side, and the surface formed by either of the agonist-occupied AChBP and the HEPES-occu-
pied AChBP. (The structure of truly unliganded AChBP or  subunit residues is called the complementary side.
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Unwin, N., Miyazawa, A., Li, J., and Fujiyoshi, Y. (2002). J. Mol. Biol.has not yet been obtained.) The largest difference is due
319, 1165–1176.to the movement toward Trp143 of loop C, which closes
Zhong, W., Gallivan, J.P., Zhang, Y., Li, L., Lester, H.A., and Dou-over bound agonist (Celie et al., 2004). Loop C contains
gherty, D.A. (1998). Proc. Natl. Acad. Sci. USA 95, 12088–12093.Tyr185, Tyr192, and at its tip Cys187 and Cys188 linked
by an unusual vicinal disulfide (Karlin, 2002). The homol-
ogous cysteines in the ACh receptor had previously
been inferred to move a few A˚ngstroms toward a nega-
tive subsite when the receptor bound agonist (Karlin, Thinking Big:
1969). The observed movement of loop C in the AChBP,
Many Modules or Much Cortex?however, is quite modest. There are other small agonist-
induced changes in the AChBP structure, but no loops
within the subunits other than C move significantly,
and there are no relative movements of the subunits in
Is there a neural system dedicated to generic magni-the pentameric complex. Furthermore, cooperativity of
tude judgments? In this issue of Neuron, Pinel et al.binding would be expected if agonist binding had a
report qualitative spatial overlap of fMRI responsesglobal effect on AChBP structure, but no cooperativity
during judgments of luminance, size, and numericalwas observed (Celie et al., 2004; Hansen et al., 2002).
magnitude but also quantitative response differencesHansen et al. (2002) observed changes in the intrinsic
in intraparietal cortex that mirror behavioral interfer-fluorescence of AChBP on binding of agonist, but the
ence between perceptual and symbolic magnitude.extents of the underlying structural and electrostatic
changes are not known.
It is axiomatic that binding of agonist to the ACh re- A precise and reliable sense of magnitude is fundamen-
ceptor shifts the predominant conformation of the pro- tal for biological beings roaming the environment. Esti-
tein first to that of an active state and eventually to that mating whether we can jump far or high enough to es-
of a desensitized state. In crystalline arrays of mem- cape a predator, choosing the tree with the most fruit
brane-embedded ACh receptor, extensive conforma- on it, or sizing up a potential adversary are some of the
tional changes occur uniquely in the  subunits on bind- numerous examples for the ecological relevance of this
ing of ACh (Unwin et al., 2002). Among other changes, cognitive capacity. Processing magnitude usually in-
the inner  sheet of the extracellular domain rotates 15	 volves some sort of quantitative comparison either be-
relative to the outer  sheet. Why are such changes not tween items, such as the height of two trees in front of
seen in the AChBP? One possibility, consistent with the us or the number of fruits on them, or an item in relation
analysis of Unwin et al. (2002), is that HEPES-occupied to mentally stored references, such as the distance we
AChBP is already in a near-activated state, and hence jumped last time (and survived) or our own physical
little difference would be seen between it and agonist- dimensions and forces. The commonality across these
occupied AChBP (Celie et al., 2004). Another possibility different settings suggests that a shared neural sub-
is that the AChBP does not undergo extensive con- strate might serve as a dedicated common pathway to
formational changes. It may be a beautiful but imper- mediate our judgment of “more” or “less.”
turbable cousin of the ACh receptor. Whatever its tem- This is the question that is addressed in the study by
perament, the AChBP provides an invaluable structural Pinel et al. (2004) (this issue of Neuron). Because differ-
standard for molecular recognition by the nicotinic ACh ent settings readily engage specialized and segregated
receptors. brain processes, Pinel and colleagues designed an ex-
periment in which magnitude judgments could be per-
formed on different attributes of identical stimulus mate-
Arthur Karlin rial. They showed pairs of different Arabic numerals that
Center for Molecular Recognition also varied in size and brightness, asking subjects to
College of Physicians and Surgeons report whether the left or right numeral was greater ei-
Columbia University ther in numerical magnitude, physical size, or luminance.
New York, New York 10032 The difficulty of such comparisons depends on the
quantitative difference of the two items along the dimen-
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